concluded that, when heat effects were eliminated, ultra-short waves had no action on tumours or isolated tissues; all the findings reported were, in their view, due to the action of heat.
(1928) using a transplantable mouse sarcoma, and by Schereschewsky and Andervont (1928) working with the Rous fowl sarcoma; these workers claimed to have produced complete regression of a number of the tumours following subjection to electric fields in vivo. Their results, together with those of subsequent workers who have reported investigations into the effects of short waves on animal tumour tissue in vivo and in vitro, were reviewed by Dickens, Evans and Weil-Malherbe (1936) . From a consideration of previous studies and as a result of their own extensive investigations performed with tumour tissue to which short-wave fields were applied both in vitro and in vivo, Dickens, Evans and Weil-Malherbe (1936, 1937) concluded that, when heat effects were eliminated, ultra-short waves had no action on tumours or isolated tissues; all the findings reported were, in their view, due to the action of heat.
The many studies concerned with the effects of high-frequency electric fields on bacteria, bacterial toxins, viruses and unicellular protozoa which followed the original experiments of D'Arsonval and Charrin (1896a, 1896b) have been reviewed by Burton (1949) . In commenting on the extreme variation of the results reported, Burton (1949) emphasized that it still remained to be determined whether or not any action of the short waves existed apart from heating effects in the suspending medium.
A recent claim was made by Nyrop (1946) to have discovered a so-called specific effect distinct from heat effects, when pulsed fields at a frequency of 20 mc/s were applied to Bacterium coli cultures in a fluid medium, the virus of foot and mouth disease, and unspecified tissue cultures. This claim was been criticized on the grounds that energy absorption by ionic and dipolar processes in the medium immediately surrounding the bacterium or virus might have resulted in a local temperature rise sufficiently high to destroy it, even though the general temperature of the test specimen were kept below the lethal level (Jackson, 1946) . The destruction, therefore, would not be due to any specific effect.
Confirmation of the presence of non-uniform heating in a suspension subjected to short-wave fields when held in a test cell of the type used by Nyrop (1946) has very recently been obtained; Burton (1950) , working with a temperaturesensitive compound in suspension in the cell to which the field was applied, was able to demonstrate local temperature rises of 10°C. or more above the general level obtaining in the specimen. This finding casts yet further doubt on claims made for a specific effect of high-frequency electric fields.
Hitherto, the frequencies which have been used in investigations into the actions of high-frequency electric fields on organisms and tissues have not exceeded 400 mc/s, and the field strengths employed have been of the order of 100 volts per cm. No work has been reported using electro-magnetic waves in the microwave frequency region of 1000 mc/s and upwards.
In the course of investigations into the effects of such microwaves on living tissues (Boyle, Cook and Buchanan, 1950; Cook, 1951) it was considered that it might be worth while to attempt to'determine whether a high intensity microwave field showed any specific effect when applied to a tumour virus under conditions designed to eliminate the lethal thermal effects of energy absorption in the medium surrounding the virus.
The Rous No. 1 fowl sarcoma virus has been used in this study, and has been exposed in a wave-guide to high intensity pulsed radiation of a frequency of 3000 mc/s. Method of mounting for irradiation without cooling (Experiments 1).-Two 0.1 c.c. amounts of disintegrated tumour were placed on a sheet of mica and made into discs of about 1 cm. diameter and 1 mm. thickness by pressing a second sheet of mica on to the first. For irradiation, the mica sheets were supported in a distrene frame which fitted into the wave guide in such a way as to support one of the discs in the region of maximum field strength and the other in a region where the field was less intense (Fig. lb) .
Method of mounting for irradiation with cooling (Experiments 2, 3, 4, 5).-Both disintegrated tumour and virus suspension were mounted in the same way. A volume of 0-1 c.c. of the material was placed on one of the flat surfaces of an oblong block of carbon dioxide ice; another exactly similar block was then pressed on top, flattening the material so that it was frozen as a disc of about 1 cm. diameter and 1 mm. thickness, held between the two blocks of carbon dioxide ice. These blocks were of such a size that when placed in apposition they fitted the cross-section of the wave guide so that the disc was held in the region of maximum field strength (Fig. lb) ; for mounting in the wave guide a distrene frame was used to hold the blocks together.
Microwave apparatus.
The microwave source was a magnetron oscillating at 3000 mc/s and developing radiation pulses of a duration of 0.6 x 10-6 seconds at a pulse repetition rate of 500 per sec. The interval between pulses was, therefore, more than 3000 times the pulse duration. The radiation was propagated in a rectangular wave guide (3 x 1 in.) carrying the Ho01 mode and terminated in a non-reflecting water load (Fig. la) . This consisted of a wedge-shaped water-flow calorimeter which enabled the average transmitted power to be measured.
Estimation of field strength in the irradiated specimens.
The peak field strength-in the central region of the cross-section of the waveguide when air-filled was calculated from the known electric field distribution across the cross-section, the characteristic impedance of the guide, the pulse duration and repetition rate and the average power transmitted. With the experimental conditions used this peak field was given by-E 1016V/A volts cm.-1, .
.
. .
. (1) where A -average power in watts.
Where a section of the guide was filled with carbon dioxide ice the field at the central point of the section depended as well on the length of the section filled and on the dielectric constant of the carbon dioxide ice. This latter had been found (in a separate experiment) to be 1.6 at 3000 mc/s, and the length of the guide filled with the carbon dioxide ice was adjusted so as to be half the For the specimens mounted between thin mica sheets in the air-filled wave guide, the calculation of the field strength in the specimen was found to be very complicated, and only an approximate estimate was attempted. In the air-filled guide the field was given by (1); with the guide filled with a non-absorbing material of dielectric constant k, and standing waves absent, the peak field in the central region of the cross section of the guide (Fig. lb) would be given by-0-57A E = 1016'k 0.43 volts cm.-1'
Taking k for a specimen at room temperature as 50, the field would then be reduced to 1/9th of its value in the air-filled guide. The reduction was even more in the present case of a thin disc of absorbing material, 1 cm. in diameter, placed in the central region of the guide cross-section and surrounded by air (the effect of the thin mica sheets being neglected). Thus it was estimated that the field in such a specimen was of the order of 1/20th of the value given by (1).
Where the specimen was mounted towards the side of the wave guide (Fig. lb), it was subjected to a field of lower intensity than at the centre of the guide. The above considerations were used in arriving at the field strength figures shown in Table I and II; those shown in Table I Experimental procedure. The specimens, mounted as has been described, were inserted for irradiation into that section of the wave guide immediately preceding the water calorimeter (Fig. la) . This section was fitted with a jacket which was filled with a freezing mixture consisting of carbon dioxide ice in alcohol, where irradiation was carried out with cooling (Experiment 2, 3, 4, 5) .
All the irradiations were carried out with average transmitted powers in the neighbourhood of 90 watts, corresponding to peak powers during pulses in the region of 300 kW. The overall exposure time in each experiment was thirty minutes, corresponding to 9 x 105 pulses of 0.6 x 106 seconds' duration each. The total time for which the field was operative was therefore 0.54 seconds in each thirty-minute exposure. The average power delivered to the water load was measured at intervals during the exposure.
At the same time as each disc of material was made for irradiation an exactly similar disc was made, and kept during the period of irradiation, under similar conditions but without irradiation: for Experiment 1 at room temperature, for Experiment 2, 3, 4, 5 between blocks of carbon dioxide ice in a heat-insulated storage box. After the period of irradiation both the treated and the untreated discs were placed in separate 2 c.c. amounts of physiological saline; in Experiment I these 5 per cent vol./vol. suspensions were inoculated undiluted into fowl, whilst in Experiment 2, 3, 4, 5, part was inoculated undiluted and the rest used to make serial tenfold dilutions in saline, samples of each dilution of each preparation being inoculated.
Inoculations.-Inoculations were made into the breast and thigh muscles of fowl; each inoculum was 0.25 c.c. in volume.
When inoculating preparations whose tumour-producing potencies were to be compared with one another, the injections of material from each preparation were made into separate groups of birds. The scheme for the distribution of the injections of the various dilutions of each preparation amongst the birds in a group was the same in every case. Any possible masking of tumours which would have arisen late from inocula of high dilution, owing to the early death of birds from tumours developing rapidly from inocula of low dilution, was therefore spread equally in each group of birds.
All the experimental procedures were timed; none was of more than 2-hours.
duration up to the moment of completing the inoculations. Examination offowl.-All the fowl were examined every 7 days and the caliper measurements of such tumours as developed were recorded. Every experimental fowl which died or was killed at the conclusion of an experiment was submitted to post-mortem examination; histological investigations were carried out upon all material the nature of which could not be diagnosed macroscopically. Method of assessing the results of inoculation.-Inoculations were taken as having given rise to tumours in all cases where tumours could be palpated at the site of inoculation or tumour material was found there at post-mortem examination.
Where a tumour regressed subsequent to its palpation, the inoculation was taken as having caused a tumour.
Duration of experiments.-The experiments were continued until all the tumour-bearing birds had died, or for a minimum period of 7 weeks, after which time the surviving birds were killed.
RESULTS. Table I shows that where disintegrated tumour was irradiated without any cooling, its tumour-producing activity was totally abolished, irrespective of whether the material had been at the region of maximum field strength or in a region where the field was less intense. Similar untreated material was active. Table II shows that where either disintegrated tumour or virus suspension was irradiated and at the same time cooled, its tumour-producing activity remained the same as that of similar cooled but untreated material.
DISCUSSION AND CONCLUSIONS.
The experiments which have been described were designed to compare the effects of microwaves on the virus of the Rous No. 1 fowl sarcoma, both under conditions in which energy absorption resulting in heat formation in the medium 17 surrounding the virus could take place (Experiment 1, irradiation without cooling), and under conditions where precautions had been taken to prevent such energy absorption (Experiments 2, 3, 4, 5, irradiation with cooling). It is considered that the method of cooling employed was such as to keep the temperature of the material exposed to irradiation below -70°C. Exposure to a temperature of below -70°C. has recently been shown to kill the cells of the Rous sarcoma, the virus which they contain being able to survive such treatment and retain a considerable part of its tumour-producing activity (Epstein, 1951) ; although the method of freezing used to demonstrate this differed from that employed in the present work, it is considered that the method used here also killed all, or at the very least the vast majority of the cells. It follows, therefore, that where either disintegrated tumour (which contained cells) or virus suspension was subjected to the cooling used in these experiments, the tumour-producing activity revealed by the inoculation of preparations of such material was very largely if not wholly due to virus.
The processes whereby microwaves can be absorbed in living tissue are-(a) by ionic conduction, (b) by dipolar orientation, (c) by resonance absorption.
The energy absorption by these processes results in a rise in temperature of the absorbing regions. In the case of a number of absorbing biological particles dispersed in a non-absorbing medium the effect would at first be localized to the immediate neighbourhood of the particles, and, if sufficiently intense, could result in destroying the biological activity of the particles before thermal conduction resulted in a noticeable general rise in temperature throughout the medium.
In attempts to detect specific microwave absorption by virus particles in living material in the region of normal tissue temperatures, it is unfortunate that water molecules (which form such a large proportion of the constituents of tissues) strongly absorb energy from the field by the dipolar orientation process at microwave frequencies. This absorption, together with absorption (and consequent heat production) due to ionic conduction in tissues, is so large compared with any possible direct absorption by the viruses as to make the detection of virus absorption in the presence of the strong absorption in the surrounding medium virtually impossible.
However, absorption by ionic conduction and dipolar orientation is markedly temperature dependent in such a way that for most practical purposes their effects can be considered as non-existent in tissues at temperatures well below 0°C. On the other hand, absorption at a resonant frequency increases as the temperature falls. Such absorption does not occur in water at microwave frequencies, but may possibly take place in large molecules or parts of them. Thus, in the irradiation of frozen material, absorption by ionic conduction and dipolar orientation was avoided. Any inactivation effects of such irradiation could then only be due to specific absorption by the virus by the resonance process. One drawback to this scheme is that any possible absorption by the virus particles by dipolar orientation is likely to be eliminated at low temperatures even though it may exist at normal ones. Thus, a negative result for such an experiment on frozen material would only indicate the absence of a sufficiently strong resonance absorption at the particular frequency used. It would not prove that specific absorption by dipolar orientation could not occur at normal temperatures, or that resonance absorption could not exist at other frequencies.
The results obtained on frozen specimens (Table II) indicate that no specific action on the Rous sarcoma virus attributable to the microwaves was demonstrable. More precisely, no absorption by a resonance process, sufficiently strong to inactivate the virus, was present at -70°C. at the frequency of 3000 mc/s.
The results in Table I can be attributed to energy absorption by ionic and dipolar processes in the medium surrounding the virus causing a general temperature rise well above the lethal level.
Thus the results of the present experiments show that any effects of the microwave field upon the Rous No. 1 fowl sarcoma virus are probably entirely due to heating in the medium surrounding the virus, and not to any specific action of the field on the virus. SUMMARY.
1. A method for investigating the effects of high intensity pulsed radiation of a frequency of 3000 mc/s on the virus of the Rous fowl sarcoma has been described.
2. By the use of a technique in which the virus preparations were held at a temperature of below 70°C. during the period of irradiation, energy absorption (i.e. heat production) in the medium surrounding the virus was prevented.
3. Where such heat production was eliminated, microwaves of a frequency of 3000 mc/s were found to have no demonstrable effect on the virus of the Rous fowl sarcoma as judged by changes in its tumour-producing activity. Where heat production was allowed to take place the tum6ur-producing activity was abolished.
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